Objective: To inform initiatives to reduce overuse, we compared neuroimaging appropriateness in a large Medicare cohort with a Department of Veterans Affairs (VA) cohort.
Neuroimaging is common and costly, 1 and it is likely that both overuse and underuse exist. Recently, Choosing Wisely guidelines have focused on overuse by questioning the use of diagnostic neuroimaging in 2 highly prevalent neurologic conditions: headache and peripheral neuropathy. 2, 3 Guideline discordant neuroimaging overuse appears to be common for headache 4, 5 and peripheral neuropathy. [6] [7] [8] At the same time, underuse of neuroimaging in some highrisk headache patients 9 and diagnostic laboratory testing 10 in neuropathy patients likely exists. 6 The Veterans Affairs (VA) health system is a single-payer health system that is largely separate from the private sector health care system. Prior comparisons between VA and non-VA systems have suggested that quality of care in the VA is no worse, and often better, than comparable non-VA systems with lower costs. [11] [12] [13] [14] However, most comparisons have focused exclusively on underuse of medical services. 15 The VA system offers a variety of structural and organizational contrasts with the private sector health care system. 11, 14 Therefore, any differences in inappropriate services between the VA and other health care systems may be partially due to these organizational differences. Consequently, we sought to explore whether rates of inappropriate neuroimaging for headache and neuropathy differs between the VA and a fee-for-service Medicare population. We also examined difference in appropriately performed laboratory studies for the workup of neuropathy. We hypothesized that less overuse and underuse would exist in the VA and that differences in overuse would be more pronounced as more specific definitions of overuse were applied. METHODS We performed a retrospective, cross-sectional comparison of the use of diagnostic testing for 2 neurologic conditions (headache and peripheral neuropathy) in the VA and the fee-for-service Medicare population (Health and Retirement Study [HRS]-Medicare) enrolled in the HRS. Our primary goal was to compare the frequency and appropriateness of diagnostic testing between systems.
Standard protocol approvals, registrations, and patient consents. The Ann Arbor VA Human Studies Committee approved this study with a waiver of informed consent.
Data. The VA National Corporate Data Warehouse, which contains information on all outpatient encounters and ICD-9 diagnoses in all VA hospitals in the United States, was used to identify outpatient visits for neuropathy and headache in the VA. Data from Medicare Standard Analytic Files (MedPAR, carrier, outpatient) that were linked to the HRS were used to identify the same diagnoses, comorbidities, and care setting. Datasets were limited to individuals age 66 and above for headache (to allow time for Medicare enrollment) and 67 and above for neuropathy (to verify a 2-year neuropathy-free period), and to 2004-2011.
Definition of target conditions. We identified headache visits in both datasets using the Healthcare Cost and Utilization Program Clinical Classification System 16 definition of headache identified at an outpatient visit as the primary diagnosis, ICD-9-CM codes 339.xx, 784.0x, 346.xx, and 307.81. We selected visits with a primary headache diagnosis to maximize specificity of the headache diagnosis and did not exclude patients who had prior headache visits because headache neuroimaging is not necessarily obtained at the initial headache visit. Headache visits identified in either the inpatient or emergency department settings were excluded.
Neuropathy visits were identified with ICD-9-CM codes (354.5, 356.0-9, and 357.0-9) in any diagnosis position in individuals with no neuropathy diagnosis within the prior 24 months. 6 We selected visits for patients who had no prior diagnosis of neuropathy (incident) in the previous 24 months because appropriate testing should occur around the time that a new diagnosis is made. We included both primary and all secondary diagnoses because testing should occur when a new diagnosis of neuropathy is made regardless of whether this is the main reason for the visit. Population characteristics including demographics and comorbidities were abstracted from claims to ensure comparability between populations. This approach is known to relatively undercount comorbidities in patients who obtain care in both systems, but particularly in the VA, because there is a lack of financial incentive for complete comorbidity coding. 17 Identification of neuroimaging. Separate episodes of care were defined around the time of the index visit for both headache (6 months after) and neuropathy (6 months before or after). For headache, neuroimaging was identified with Current Procedural Terminology codes for head CT (70450, 70460, 70470) and MRI brain (70551, 70552, 70553). Imaging that was performed in the inpatient or emergency department setting was excluded. For neuropathy, we included 6 months before and after the diagnosis, because testing commonly occurs before a formal diagnosis is made. The definition of neuroimaging for neuropathy was extended to include MRI of the cervical (72141, 72142, 72156), thoracic (72146, 72147, 72157), and lumbar (72148, 72149, 72158) spine. In addition, neurophysiologic (EMG and nerve conduction studies [NCS]) and laboratory testing (fasting glucose, hemoglobin A1C, glucose tolerance test, B 12 , serum protein electrophoresis [SPEP]) were identified using previously published methods. 6 Definitions of appropriateness/potential overuse. The appropriateness of headache neuroimaging depends on a variety of relatively uncommon clinical factors-red flags in the history and abnormal findings on neurologic examination. 18 As these factors are not reliably included in existing datasets, comparisons of appropriateness across health care systems are necessarily limited. To explore the magnitude of potential overuse of neuroimaging without access to these factors, we used a series of increasingly specific definitions for potential overuse. The magnitude of misclassification using these measures should decrease with more specific definitions of overuse. For example, the yield of significant intracranial findings in unselected headache patients is about 2% but decreases by an order of magnitude in patients with migraine; thus a migraine-focused definition of potential overuse should identify fewer false-positives than a definition based on unselected headache. 19 To identify potential overuse of headache neuroimaging, we used 3 definitions of increasing specificity. For the least specific definition, we relied on the prior published definition of Schwartz et al. 20 and then used 2 additional definitions with increasingly stringent criteria: definition 1, nontraumatic headache (maximally sensitive, nonspecific): any headache diagnosis excluding posttraumatic ICD-9 codes (339.20-339.22, 339.43); definition 2, excluding nontarget conditions: based on the more specific Schwartz et al. 20 21, 22 For neuropathy, given that neuroimaging should not be obtained as part of the typical evaluation, our least specific definition of potential overuse (definition 1) included all neuroimaging use in patients with neuropathy. To clarify the overall appropriateness of the diagnostic evaluation, we also measured the use of appropriate laboratory testing (B 12 , SPEP, and glycemic testing) as well electrophysiologic (EMG, NCS) testing, which is of uncertain appropriateness in an unselected neuropathy population. 23 We also applied a more specific definition of potential overuse (definition 2): any neuroimaging in patients with neuropathy after excluding nontarget conditions potentially meriting imaging including dementia (as above), MS/myelopathy/central patterns of weakness (336.x, 340.x, 341.x, 342.x, 344.x), epilepsy (345.x), cervical radiculopathy (723.4), lumbar radiculopathy (724.3, 724.4), and stroke (as above).
Statistical analysis. Descriptive statistics were used to describe neuroimaging utilization for each condition, measure, and population. Comparisons between the VA and non-VA populations were made using 2-sample, 2-tailed tests of proportions across each condition and measure of potential overuse. Neuropathy measures were separately estimated in the overall population and in the population with and without diabetes. Given the substantial differences in the sex of VA and non-VA populations, we also explored whether differences in neuroimaging exist by sex.
RESULTS Patient populations. The VA headache population was slightly younger (mean age 75 vs 77 years), generally had fewer coded comorbidities, and, most strikingly, was overwhelmingly composed of men (96% vs 37%) compared with the HRS-Medicare population. Similar patterns were seen in the neuropathy population. Other details of the study populations are summarized in Lower utilization of neurophysiologic testing, which is of uncertain appropriateness in an unselected population, was also seen at the VA (14.5% vs 32.3% received EMG or NCS, p , 0.001). Similar trends were observed in patients with and without diabetes, although neuroimaging was less common and glycemic testing more common in patients with diabetes (table 3) . On the more specific definition of potential overuse, after excluding nontarget conditions (definition 2), imaging rates decreased in both VA and HRS-Medicare, but use of neuroimaging in VA remained significantly lower than in HRS-Medicare (6.1% vs 15.0%, p , 0.001).
DISCUSSION For patients with common neurologic diagnoses, we found that potential overuse of neuroimaging was much less common for patients treated in the VA compared with those receiving care through Medicare coverage. While a number of explanations exist, this result suggests that differences in these health care environments may mediate differential use of neuroimaging. Importantly, neuroimaging overuse appears to be high in both the VA and HRS-Medicare populations, indicating that substantial room for improvement exists in both systems.
To meaningfully measure and promote highquality care, it is important not to reward solely underuse or overuse. 24, 25 While prior performance measures may have incentivized overuse, 26 unnecessary care reduction initiatives, such as Choosing Wisely, 27 do the opposite. Without detailed clinical data, it is difficult to know whether the VA's lower headache neuroimaging utilization reflects a global reduction of imaging regardless of indication or a specific reduction in inappropriate utilization. We hypothesized that the difference in neuroimaging utilization between the VA and HRS-Medicare would increase with more specific definitions of potential overuse, but this was not the case. One possible explanation is that VA headache patients had incomplete listings of comorbid diagnostic codes, thereby overstating the degree of inappropriate imaging in the VA. Another possibility is that the number of migraine cases in the HRS-Medicare sample was so small that our analysis may have failed to detect a true difference. Finally, VA headache patients may receive fewer inappropriate imaging tests, but also may have fewer appropriate imaging tests. Further studies with detailed clinical information are needed to definitely determine if the VA promotes less overuse or less testing in general in headache patients.
For neuropathy, we were able to measure not only potential imaging overuse, but also appropriate use of other elements of the neuropathy evaluation. Similar to headache neuroimaging, neuropathy neuroimaging was lower in the VA compared with HRS-Medicare. However, while the VA had higher rates of screening for diabetes, B 12 and SPEPs were obtained less commonly in the VA. Screening for diabetes among obese patients is encouraged by VA guidelines, 28 so VA's diabetes screening rate may partially reflect diabetes testing not related to neuropathy. So, if one defines quality as limiting both underuse and overuse, neither system performed optimally for neuropathy workup. In addition, even after excluding diagnoses that may justify neuroimaging, potential overuse of neuroimaging was relatively common even in the VA, where 6.1% of patients received a neuroimaging study.
These results indicate that the VA system does not necessarily promote less testing across the board, but that neither health care system provides optimal care. Understanding the factors that mediate the appropriateness of testing between these 2 large health care systems has the potential to inform future efficiency initiatives. Many differences between the VA and Medicare exist and are potential contributory factors: the fixed resource VA environment, the centrality of primary care in the VA, 4 use of electronic medical records in the VA, 29 provider practice patterns, 30 and provider financial incentives. 31 Understanding which, if any, of these hypotheses account for the differences in appropriateness may inform future quality improvement initiatives.
While VA patients appear to have less inappropriate imaging than Medicare patients, significant overuse occurs in both systems. Despite extensive literature and guidelines recommending against unnecessary imaging, a significant proportion of headache and neuropathy patients are still receiving these tests. Interventions to curb overutilization are needed in both VA and Medicare. As more and more Veterans receive care in the community due to the Choice Act, it will become even more important to ensure that promoting access to necessary care does not also result in an increase of inappropriate testing. Table 3 Definition 1 (entire neuropathy population) and definition 2 (neuropathy), excluding nontarget conditions This study has a number of potential limitations. First, in the absence of detailed clinical data, conclusions about the appropriateness of care can only be tentatively advanced. Second, the VA patient population differs from the HRS-Medicare population in readily measured (i.e., sex) and likely in unmeasured ways. Sex differences are unlikely to explain the lower neuroimaging rates in the VA because neuroimaging rates by sex were similar in both settings. It is plausible that clinically unmeasured factors meriting neuroimaging (red flags) may differ between settings. However, if such differences exist, it is unlikely that they would account for the neuroimaging differences between settings as red flags are not strong predictors of receiving neuroimaging. 4 Second, the diagnostic reliability of our ICD-9 algorithms may differ between the VA and HRS-Medicare settings. 32, 33 Reassuringly, the primary limitation of these definitions is imperfect sensitivity as opposed to limited specificity. 33 As VA coding practices also tend toward lower sensitivity, 17 this means it is possible that we have understated the difference in neuroimaging utilization between VA and Medicare settings. Third, some VA patients may also be receiving care outside of the VA, and to the extent that VA providers knew the results, they may have refrained from repeating tests. Finally, our Medicare population is limited to patients with fee-for-service Medicare and excludes Medicare Advantage patients. While the financial incentive in capitated Medicare Advantage should lead to less use of imaging, imaging utilization has comparably slowed both in private plans with radiology benefit management strategies 34, 35 and in Medicare fee-for-service 36 in recent years, suggesting this is unlikely to be a major effect.
Our results suggest that the use of inappropriate neuroimaging for headache and neuropathy is relatively common, but less so in the VA than among HRS-Medicare patients. Appropriate laboratory testing for neuropathy is more common in the VA for diabetes testing and more common in HRS-Medicare for other tests. While both constraints in availability of imaging and lack of financial incentives for test ordering may promote less overuse of neuroimaging in the VA, the reasons for underuse of certain laboratory tests are unknown. Future initiatives to reduce overuse of diagnostic testing should learn from what is working in the VA to limit inappropriate imaging but not lose sight of the imperative to enhance the overall quality of care by also motivating appropriate use of needed services.
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